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(Q HVWH GRFXPHQWR VH PDUFDQ ORV REMHWLYRV GH OD SROtWLFD
HQHUJpWLFDGHDFXHUGRFRQORVGHQRPLQDGRV³2EMHWLYRV´
GH OD8QLyQ(XURSHD\FRQ OD ³+RMDGH5XWDGH OD(QHUJtDSDUD
´ $GHPiV VH DSXQWD DO GHVDUUROOR GH OD UHG GH WUDQVSRUWH
SDQHXURSHD \ D OD LPSODQWDFLyQ GHO PHUFDGR LQWHUQR GH OD
HOHFWULFLGDG HQ (XURSD /R DQWHULRU MXQWR FRQ OD SUHYLVLEOH
SUROLIHUDFLyQGH VLVWHPDVDLVODGRVFRQSRVLELOLGDGGHFRQH[LyQD
OD UHG 0LNDWL HW DO  \ GRWDGRV GH VLVWHPDV GH
DOPDFHQDPLHQWR PLFURUHGHV R microgrids OD SURJUHVLYD
LQFRUSRUDFLyQ GHO FRFKH HOpFWULFR OD LQVWDODFLyQ GH HTXLSRV
EDVDGRVHQODHOHFWUyQLFDGHSRWHQFLDSDUDHOFRQWURO\JHVWLyQGH







SURIHVLRQDOHV GH OD LQJHQLHUtD UHODFLRQDGRV FRQ HVWH iPELWR TXH
QHFHVLWDQ XQD DFWXDOL]DFLyQ GH VXV FRQRFLPLHQWRV SHUR WDPELpQ
SDUD ORV TXH LQLFLDQ WDUHDV GH LQYHVWLJDFLyQ /DV H[SOLFDFLRQHV
FOiVLFDV DGROHFHQ DPHQXGR GH IDOWD GH DFWXDOL]DFLyQ GDGRV ORV
FRQWLQXRVFDPELRVVXFHGLGRVHQORV~OWLPRVDxRV\GHDGDSWDFLyQ
DO FRQWH[WR HXURSHR WRGD YH] TXH JUDQ SDUWH GH OD OLWHUDWXUD
WpFQLFD SURYLHQH GHO HQWRUQR GH (VWDGRV 8QLGRV (VWH WUDEDMR
SUHWHQGH VXSOLU HQ SDUWH HVDV FDUHQFLDV SUHVHQWDQGR XQD
H[SOLFDFLyQUHVXPLGD\DFWXDOL]DGDGHORVPHFDQLVPRVGHFRQWURO
DSR\DGDHQKHUUDPLHQWDVGHVLPXODFLyQGHXVRFRQRFLGRKR\GtD
HQWUH ORV SURIHVLRQDOHV GH OD LQJHQLHUtD 6H LQGLFDQ WDPELpQ ORV
DVSHFWRV OHJDOHV QRUPDWLYRV \ GH DSOLFDFLyQ SUiFWLFD HQ HO
FRQWH[WRGH(XURSD\(VSDxD<SRU~OWLPRVHUHDOL]DXQDEUHYH
UHYLVLyQ GHO HVWDGR GHO DUWH D WUDYpV GH XQD PXHVWUD GH OD
OLWHUDWXUDWpFQLFDUHODFLRQDGD
(Q ORV VLVWHPDV HOpFWULFRV HQ FRQGLFLRQHV QRUPDOHV GH
IXQFLRQDPLHQWR ORV JHQHUDGRUHV HVWiQJLUDQGR HQ VLQFURQLVPR\
MXQWRVJHQHUDQODSRWHQFLDTXHHVWiVLHQGRGHPDQGDGD'DGRTXH
OD HQHUJtD HOpFWULFD QR SXHGH VHU DOPDFHQDGD HQ JUDQGHV
FDQWLGDGHVVLDXPHQWDODSRWHQFLDFRQVXPLGDSRUODVFDUJDVSHUR
OD SRWHQFLD PHFiQLFD DSRUWDGD SRU ODV WXUELQDV SHUPDQHFH
FRQVWDQWHHO LQFUHPHQWRGHGHPDQGDVyORSXHGHREWHQHUVHGH OD
HQHUJtDFLQpWLFDDOPDFHQDGD ORTXHVXSRQH ODGLVPLQXFLyQGH OD





U. Todos los d rechos r servados.
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
&RPRODGHPDQGDHVWiFDPELDQGRFRQWLQXDPHQWHVHUHTXLHUHXQ
VLVWHPD GH FRQWURO TXH DMXVWH DXWRPiWLFDPHQWH OD SRWHQFLD
JHQHUDGD HQ FDGD XQLGDG JHQHUDGRUD LQWHQWDQGR PDQWHQHU OD
IUHFXHQFLDGHQWURGHFLHUWRVOtPLWHV
(O HOHPHQWR EiVLFR SDUD HMHUFHU HO GHQRPLQDGR FRQWURO
SRWHQFLDIUHFXHQFLDHVHOJHQHUDGRUVtQFURQR/RVGLVSRVLWLYRVGH
FRQWURO HQ FDGD XQLGDG JHQHUDGRUD )LJXUD  UHJXODQ SRU XQD
SDUWH OD WHQVLyQ HQ ORV WHUPLQDOHV GHO JHQHUDGRU \ SRU RWUD OD
SRWHQFLD DFWLYD 6XSyQJDVH FRPR HVWDGR LQLFLDO GH
IXQFLRQDPLHQWR HQ XQ GHWHUPLQDGR JUXSR WXUELQDJHQHUDGRU HO
FRUUHVSRQGLHQWH D OD SRWHQFLD DFWLYD D JHQHUDU DVLJQDGD FRPR
UHVXOWDGR GHO PHUFDGR HOpFWULFR 20,(  5(( D
3ODWDIRUPD (QHUJtD \ 6RFLHGDG  (Q HTXLOLEULR OD
YHORFLGDG DQJXODU Ȧm HV FRQVWDQWH \ HVWi UHODFLRQDGD FRQ OD
IUHFXHQFLDfSRUODH[SUHVLyQȦm ʌf/pGRQGHpHVHOQ~PHURGH
SDUHVGHSRORVGHOJHQHUDGRU6HDVXPHTXHHOFRQWUROGHWHQVLyQ
PDQWLHQH pVWD HQ XQ YDORU FRQVWDQWH OR TXH HTXLYDOH D VXSRQHU
TXH ORV FRQWUROHV GH WHQVLyQ \ GH SRWHQFLD VRQ WRWDOPHQWH
LQGHSHQGLHQWHV$QWHXQDYDULDFLyQHQODSRWHQFLDGHPDQGDGDHO
VLVWHPDGHFRQWUROSRWHQFLDIUHFXHQFLDUHDOL]DVXIXQFLyQFRQXQD
HVWUXFWXUD GH YDULRV OD]RV HO FRQWURO SULPDULR HO FRQWURO
VHFXQGDULRHOFRQWUROWHUFLDULRHOFRQWUROGHWLHPSRVtQFURQR\HO




(O FRQWURO SULPDULR HV HO TXH UHDOL]D HQ FDGD JUXSR WXUELQD
JHQHUDGRUHOUHJXODGRUGHYHORFLGDGGHODWXUELQD$FRQWLQXDFLyQ
VH SUHVHQWDQ ORV PRGHORV LQFUHPHQWDOHV GH ORV HOHPHQWRV
LQYROXFUDGRV HQ HO FRQWURO UHVSHFWR GHO HVWDGR GH HTXLOLEULR























A. Modelo del Generador 
3DUD XQ JUXSR WXUELQDJHQHUDGRU HO HTXLOLEULR GLQiPLFR VH
SXHGHH[SUHVDUGHODPDQHUDVLJXLHQWH







(Q HVWD HFXDFLyQ WRGDV ODV PDJQLWXGHV HVWiQ HQ YDORUHV SRU
XQLGDGHQDGHODQWHSXPm HVODSRWHQFLDPHFiQLFDVXPLQLVWUDGD
SRUODWXUELQDPeODSRWHQFLDHOpFWULFDDFWLYDVXPLQLVWUDGDSRUHO
JHQHUDGRU Ȧ HV OD SXOVDFLyQ DQJXODU HOpFWULFD Ȧ   ʌf /D
FRQVWDQWHHHV ODGHQRPLQDGDconstante de inercia normalizada
FRQYDORUHVWtSLFRVHQHOUDQJRGHDVHJXQGRV




ǻ ǻ ǻ e DP P D Z  

GRQGH ǻPD HV HO LQFUHPHQWR GH SRWHQFLD LQGHSHQGLHQWH GH OD
IUHFXHQFLD\DHVHOcoeficiente de autorregulaciónTXHUHODFLRQD
OD YDULDFLyQ GHȦ FRQ OD YDULDFLyQ GH SRWHQFLD GHPDQGDGD TXH
SURYRFD /RV YDORUHV WtSLFRV SUiFWLFRV SDUD HVWH SDUiPHWUR HQ
YDORUHVSXHVWiQHQHOUDQJR±
C. Modelo de la Turbina 




D. Modelo del Regulador 
(O UHJXODGRU XWLOL]DGR HV GHO WLSR SURSRUFLRQDO FRQ
UHDOLPHQWDFLyQ GH OD YHORFLGDG \ XQD VHxDO GH FRQVLJQD GH
SRWHQFLD GH UHIHUHQFLD 6X FRPSRUWDPLHQWR TXHGD UHSUHVHQWDGR
SRU HO GLDJUDPD GH EORTXHV TXH VH PXHVWUD HQ OD )LJXUD 
LQWHJUDGR \D FRQ ORV EORTXHV FRUUHVSRQGLHQWHV D OD WXUELQD DO
JHQHUDGRU \ D OD FDUJD FRQIRUPDQGR DVt HO OD]R GH FRQWURO







XQ UHJXODGRU GHYHORFLGDG(Q OtQHD GH WUD]RV GHPXHVWUD HO OD]R GH FRQWURO
VHFXQGDULR
R HV OD GHQRPLQDGD constante de regulación \ UHSUHVHQWD OD





















VL WRGRV ORV JUXSRV WXUELQDJHQHUDGRU WLHQHQ OD PLVPD R
H[SUHVDGD HQ SX UHVSHFWR GH VXV UHVSHFWLYDV SRWHQFLDV
QRPLQDOHVGHOLQFUHPHQWRWRWDOGHSRWHQFLDDFWLYDGHPDQGDGRSRU
ORV UHFHSWRUHV FDGD JUXSR WXUELQDJHQHUDGRU VH KDFH FDUJR
DXWRPiWLFDPHQWH XQD YH] FRPSOHWDGD OD DFFLyQ GHO FRQWURO
SULPDULRGHXQDIUDFFLyQSURSRUFLRQDODVXSRWHQFLDQRPLQDO

E. Modelo de la Interconexión entre Áreas 
8Q iUHD GH FRQWURO QRUPDOPHQWH FRLQFLGH FRQ HO iPELWR GH
UHVSRQVDELOLGDG GH XQ2SHUDGRU GHO 6LVWHPD 26 XQ SDtV R XQ
iUHDJHRJUiILFD
(Q HO FDVR VLPSOLILFDGR GH GRV iUHDV OD GHVYLDFLyQ GH OD
SRWHQFLDGHLQWHUFDPELRVDOLHQWHGHOiUHDHQWUDQWHHQHOiUHD
P12UHVSHFWRGHODSURJUDPDGDFRQWUDWDGD P12, programadaHVǻP12 
P12 ± P12, programada 6X PRGHOR LQFUHPHQWDO .XQGXU  VH
H[SUHVDSRUODHFXDFLyQVLJXLHQWH

      ǻ ǻ ǻ P T dt dtZ Z Z Z ³ ³ 

GRQGHTHVHOcoeficiente de par sincronizante,TXHGHSHQGHGH
ODFDSDFLGDGGHWUDQVSRUWHGHODLQWHUFRQH[LyQ





2.1. Resultados de Simulación solo con Control Primario 
(Q HVWH DSDUWDGR VH PXHVWUDQ ORV UHVXOWDGRV REWHQLGRV GH OD
VLPXODFLyQ HQ HO HQWRUQR 0$7/$%Simulink GH XQ VLVWHPD
IRUPDGR SRU GRV iUHDV GH FRQWURO FXDQGR DFW~D VyOR HO FRQWURO
SULPDULR/RVGDWRV VHKDQHVFRJLGRSDUD UHSUHVHQWDUXQ VLVWHPD
HTXLSDUDEOH D XQD UHG UHDO FRQ SDUiPHWURV UHDOLVWDV GH DFXHUGR
FRQ8&7(\.XQGXU6HKD LQWHQWDGRSUHVHUYDU
FLHUWDPRGXODULGDG HQ HO SODQWHDPLHQWR FRQ HO ILQ GH TXH SXHGD




x &RHILFLHQWHVGHDXWRUUHJXODFLyQGHFDGDiUHDD D 
0:+]
x &DGD JUXSR WXUELQDJHQHUDGRU GH SRWHQFLD QRPLQDO
0:IUHFXHQFLDQRPLQDO+]H VR 
UHIHULGRVDVXSRWHQFLDQRPLQDO
x &DSDFLGDG HVWiWLFD GH WUDQVSRUWH GH OD LQWHUFRQH[LyQ 
*:2SHUDQGRHQHTXLOLEULRLQLFLDOFRQį10 ±į20 

6H FRQVLGHUD FRPR FRQWLQJHQFLD OD GHVFRQH[LyQ EUXVFD HQ HO





GHO RUGHQ GH  *: YDORU TXH VH GD SRU HMHPSOR HQ OD
LQWHUFRQH[LyQ (VSDxD)UDQFLD 5(( D FRQ GHWHUPLQDGDV
FDSDFLGDGHVGHJHQHUDFLyQEDMRFRQWUROHQFDGDiUHDSDUDFLHUWR
HVWDGRGHFDUJD





GH OD VLPXODFLyQ GRQGH SXHGH DSUHFLDUVH OD HYROXFLyQ WHPSRUDO
GH OD SXOVDFLyQ DQJXODU \ GH ODV SRWHQFLDV GH LQWHUFDPELR \
PHFiQLFDVWRWDOHVGHFDGDiUHD2EVpUYHVHTXHFDGDiUHDDSRUWDDO
LQFUHPHQWR GH SRWHQFLD GHPDQGDGD WRWDO  0: XQD
IUDFFLyQSURSRUFLRQDODVXWDPDxRUHODWLYR\TXHHOiUHDUHFLEH
SRWHQFLDGHOiUHD
2.2. Aspectos Prácticos y Marco Normativo del Control Primario 
en Europa y España  
/RVVLVWHPDVHOpFWULFRVHXURSHRVFX\DJHVWLyQFRRUGLQDGDHVWi
DVLJQDGDD ODHQWLGDG(1762((1762(E VHDJUXSDQ
HQ FLQFR iUHDV VtQFURQDV (XURSD &RQWLQHQWDO (& 1yUGLFD
%iOWLFD *UDQ %UHWDxD H ,UODQGD (O VLVWHPD HOpFWULFR HVSDxRO




UHTXHULPLHQWR GH UHJXODFLyQ SULPDULD SDUD HO iUHD VtQFURQD (&
3DUDHOORVHGHILQHHOGHQRPLQDGR³LQFLGHQWHGHUHIHUHQFLD´FRPR
ODSpUGLGDGH0:GHJHQHUDFLyQHQFXDOTXLHUOXJDUGHOiUHD
(& 3DUD WDO LQFLGHQWH OD Pi[LPD GHVYLDFLyQ GH IUHFXHQFLD
FRP~Q FRQVLGHUDQGRD    QR GHEH VXSHUDU HO PDUJHQ  
P+] /D característica potencia-frecuencia HQ HO iUHD (& SDUD
 VH GHWHUPLQD HQ ORV FLWDGRV GRFXPHQWRV HQ EDVH D HVRV
YDORUHV \ DxDGLHQGR YDULDV FRQVLGHUDFLRQHV DGLFLRQDOHV
UHVXOWDQGR HO YDORU GH ȕEC    0:»+] /D FDUDFWHUtVWLFD
SRWHQFLDIUHFXHQFLDSDUDFDGDiUHDGHFRQWUROjVHGHWHUPLQDFRPR









3DUD HO FDVRGH(VSDxD FRQGDWRVGH (1762(F UHVXOWy
cES 
3RU RWUR ODGR DO PDUJHQ GH SRWHQFLD GH XQ JUXSR WXUELQD
JHQHUDGRUGHVGHXQSXQWRGH IXQFLRQDPLHQWRGHWHUPLQDGRKDVWD
VX SRWHQFLDPi[LPD HQ HO TXH HO UHJXODGRU GH YHORFLGDG SXHGH
DFWXDUGHIRUPDDXWRPiWLFDHVORTXHVHFRQRFHFRPRreserva de 
control primaria GH OD XQLGDG JHQHUDGRUD 7DPELpQ HQ 8&7(
\8&7(VHHVWDEOHFHODUHVHUYDGHFRQWUROSULPDULD
SDUDHOiUHD VtQFURQD(&HQHOYDORURPEC 0: LJXDODO
YDORUGHSRWHQFLDGHOLQFLGHQWHGHUHIHUHQFLD<VHDVLJQDDFDGD
iUHDODUHVSRQVDELOLGDGGHDSRUWDUXQDIUDFFLyQGHHVDUHVHUYDHQ
IXQFLyQ GHO PLVPR FRHILFLHQWH cj GHILQLGR HQ  3RU WDQWR OD
UHVHUYDSULPDULDSDUDXQiUHDjRPjVHGHWHUPLQDFRPR


















































































)LJXUD  'LDJUDPD GH EORTXHV SDUD OD VLPXODFLyQ GH XQ VLVWHPD IRUPDGR SRU GRV iUHDV GH FRQWURO LQWHUFRQHFWDGDV (Q OtQHD GH WUD]RV VH PXHVWUD HO OD]R
VHFXQGDULR





























LQVWDQWH t  V$UULED VROR FRQFRQWUROSULPDULR$EDMR FRQFRQWUROSULPDULR \ VHFXQGDULR ,]TXLHUGD HYROXFLyQGHǻȦ1 e ǻȦ2.'HUHFKD HYROXFLyQGH ODV
SRWHQFLDVJHQHUDGDVWRWDOHVHQFDGDiUHD\GHODSRWHQFLDGHLQWHUFDPELR

(& j jRP c RP  

3DUDHOFDVRGH(VSDxDFRQcES  HVWDUHVHUYDUHVXOWD
FRPR PtQLPR GH  0: 2EVpUYHVH HO QRWDEOH DKRUUR HQ
UHVHUYDSULPDULDGHOTXHVHEHQHILFLDFDGDiUHDDOIRUPDUSDUWHGH
XQVLVWHPDLQWHUFRQHFWDGR$VtHQHOFDVRGH(VSDxDVLIXHUDXQ
iUHD DLVODGD QHFHVLWDUtD GLVSRQHU DO PHQRV GH SRWHQFLD GH
UHVHUYD SULPDULD SDUD KDFHU IUHQWH D OD SpUGLGD GHOPD\RU JUXSR




 0: PX\ VXSHULRU D ORV  0: UHTXHULGRV D (VSDxD
FRPRSDUWHGHOiUHDVtQFURQD(&
/DVHVSHFLILFDFLRQHV\HO UHTXHULPLHQWRGH UHVHUYDGHFRQWURO
SULPDULR GHO VLVWHPD SHQLQVXODU HVSDxRO HVWiQ LQGLFDGRV HQ ORV
SURFHGLPLHQWRVGHRSHUDFLyQ32\5((EGRQGH
HVWH FRQWURO VH GHILQH GHQWUR GHO RUGHQDPLHQWR GHO PHUFDGR
HOpFWULFR FRPR XQ VHUYLFLR FRPSOHPHQWDULR GH FDUiFWHU
REOLJDWRULRSDUDWRGDVODVXQLGDGHVGHJHQHUDFLyQ\QRUHWULEXLGR
(QFRQFUHWRVHUHTXLHUHTXHFDGDJHQHUDGRUSXHGDYDULDUKDVWDHO




(Q HO FDVR GH XQ VROR JUXSR JHQHUDGRU HO OD]R GH FRQWURO
VHFXQGDULRVH UHSUHVHQWDHQ OtQHDGH WUD]RVHQ OD)LJXUD(Q OD
)LJXUD  VH PXHVWUD HO HVTXHPD FOiVLFR GH LPSOHPHQWDFLyQ GHO
FRQWURO VHFXQGDULR SDUD XQ iUHD GH FRQWURO 6H WUDWD GH XQ OD]R
~QLFRTXHHVWDUiXELFDGRHQHOFHQWURGHFRQWUROGHOiUHD7LHQH
FRPR HQWUDGDV ODV PHGLGDV GH SXOVDFLyQ DQJXODU Ȧ   ʌf GHO
iUHD\GHSRWHQFLDVGHLQWHUFDPELR(VWDVVHxDOHVVRQFRPSDUDGDV
UHVSHFWLYDPHQWHFRQ ODSXOVDFLyQQRPLQDO Ȧ0 ʌf0\FRQ ODV




LQW(&$ ǻ ǻ P E Z  

GRQGHȕ HV ODcaracterística de potencia-frecuencia GHO iUHD/D
VHxDO GH (&$ ILOWUDGD VH OOHYD FRPR HQWUDGD DO LQWHJUDGRU TXH
JHQHUDUiODVHxDOGHFRQWUROJOREDOGHOiUHDTXHPXOWLSOLFDGDSRU









)LJXUD  ,PSOHPHQWDFLyQ GHO FRQWURO VHFXQGDULR SRWHQFLDIUHFXHQFLD HQ XQ
iUHDGHFRQWURO
'H HVWH PRGR OD SRWHQFLD GH FDGD JUXSR WXUELQDJHQHUDGRU
HVWDUiYDULDQGRKDVWDTXHVHDQXOHHO(&$ORFXDOJDUDQWL]DTXH
XQD YH] FRPSOHWDGD OD DFFLyQ GH FRQWURO VHFXQGDULR QR KDEUi
GHVYLDFLyQ GH IUHFXHQFLD QL GH SRWHQFLD GH LQWHUFDPELR UHVSHFWR
GHODSURJUDPDGD\TXHVRORORVJHQHUDGRUHVGHOiUHDGRQGHVHKD
SURGXFLGRHOLQFLGHQWHVHKDUiQFDUJRILQDOPHQWHGHOLQFUHPHQWR
GH GHPDQGD SXHGH YHUVH XQD VLPSOH MXVWLILFDFLyQ GH HVWR HQ
.XQGXU  6X KRUL]RQWH WHPSRUDO GH HMHFXFLyQ HV PXFKR
PiV OHQWR TXH HO SULPDULR GH WDOPDQHUD TXH GHEH KDFHU HIHFWR
GHVSXpVGHTXHHOSULPDULRKDFRPSOHWDGRVXDFFLyQHVWDELOL]DQGR
ODIUHFXHQFLD
3.1. Resultados de Simulación con Control Secundario 
/D )LJXUD PXHVWUD HO GLDJUDPD GH EORTXHV HQ0$7/$%
SimulinkGHOHMHPSORGHGRViUHDV\DVLPXODGRVRORFRQFRQWURO
SULPDULR DQWHULRUPHQWH \ FX\RV UHVXOWDGRV VH PRVWUDURQ HQ OD
)LJXUD DUULED(O OD]RGHFRQWURO VHFXQGDULR UHSUHVHQWDGRHQ
OtQHD GH WUD]RV VH KDFH LQWHUYHQLU DKRUD HQ OD VLPXODFLyQ 'H
QXHYRVHFRQVLGHUDXQJHQHUDGRUHTXLYDOHQWHSRUFDGDiUHDSRUOR
TXH QR HQWUDQ HQ MXHJR ORV IDFWRUHV GH SDUWLFLSDFLyQ GH ORV
JHQHUDGRUHV\VRORVHVLPXODHOFRPSRUWDPLHQWRGHFDGDiUHDHQ
FRQMXQWR/RVGDWRVDGLFLRQDOHVQHFHVDULRV VRQ ODV FRQVWDQWHVGH
WLHPSRGHORVLQWHJUDGRUHVTXHVHILMDQHQHOPLVPRYDORUGH
VSDUDDPEDViUHDVHVWRHVODVFRQVWDQWHVGHORVLQWHJUDGRUHVGH
FDGD iUHD VRQKI1  KI2    (VWD HOHFFLyQ VH MXVWLILFD HQ HO
DSDUWDGRVLJXLHQWH
(Q OD )LJXUD  DEDMR VH PXHVWUDQ ORV UHVXOWDGRV GH OD
VLPXODFLyQGRQGHSXHGHDSUHFLDUVHODHYROXFLyQWHPSRUDOGHǻȦ




DVHU ODSURJUDPDGD(QFXDQWRD ODVSRWHQFLDV WRWDOHVJHQHUDGDV
SRUFDGDiUHDODGHOiUHDDOFDQ]DHOYDORUTXHFRLQFLGHFRQHO
LQFUHPHQWR GH GHPDQGD DFDHFLGR HQ HVH iUHD PLHQWUDV TXH OD
SRWHQFLD WRWDO JHQHUDGD HQ HO iUHD  HV FHUR (Q OD SUiFWLFD ODV
VHxDOHVGHFRQWUROVRQHQYLDGDVGHVGHHOFHQWURGHFRQWUROGHOiUHD
D FDGD JUXSR JHQHUDGRU HQ LQVWDQWHV GH WLHPSR GLVFUHWRV





3.2. Aspectos Prácticos y Marco Normativo del Control 
Secundario en Europa y España 









3DUD TXH SXHGD IXQFLRQDU HO FRQWURO VHFXQGDULR HV QHFHVDULR
GLVSRQHUGHPDUJHQGHYDULDFLyQSDUDVXELUREDMDUPrefDSDUWLUGHO
SXQWR GH IXQFLRQDPLHQWR HQ ORV JHQHUDGRUHV TXH SDUWLFLSDQ (O
PDUJHQ GHVGH HO SXQWR GH IXQFLRQDPLHQWR KDVWD OD SRWHQFLD
Pi[LPDGHOJUXSR WXUELQDJHQHUDGRUHV ODreserva de regulación 
secundaria a subir < HO PDUJHQ GHVGH HO SXQWR GH
IXQFLRQDPLHQWR KDVWD HO PtQLPR WpFQLFR HV OD reserva de 
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

GRQGHLPD[HVODGHPDQGDHQ0:Pi[LPDSUHYLVWDHQHOiUHD








/RV SURFHGLPLHQWRV UHODWLYRV D OD UHVHUYD GH UHJXODFLyQ
VHFXQGDULDGHOVLVWHPDSHQLQVXODUHVSDxROHVWiQUHFRJLGRVHQ ORV
SURFHGLPLHQWRVGHRSHUDFLyQ32\5((E&RPR
HQ HO FDVR GH OD UHJXODFLyQ SULPDULD VH LQWHJUD HQ HO PHUFDGR
HOpFWULFRHVSDxROFRPRVHUYLFLRFRPSOHPHQWDULRHQHVWHFDVRGH
FDUiFWHUYROXQWDULR\UHWULEXLGR(OJUXSRWXUELQDJHQHUDGRUUHFLEH
FRPR SDJR GHO VHUYLFLR XQD FDQWLGDG SRU OD GLVSRQLELOLGDG GH






KRUL]RQWH WHPSRUDO PiV DPSOLR TXH HO SULPDULR \ VHFXQGDULR \
TXHHQJUDQSDUWHVRQFRQWUROHVQRDXWRPiWLFRV
A. Control Terciario 
$QWH XQ LQFUHPHQWR GH OD GHPDQGD OD DFWXDFLyQ GHO FRQWURO
VHFXQGDULR FDPELD ODPref GH ORV JUXSRV WXUELQDJHQHUDGRU \ ORV
OOHYD D SXQWRV GH IXQFLRQDPLHQWR PiV FHUFDQR D VX Pi[LPD
FDSDFLGDG GH SURGXFFLyQ UHGXFLHQGR OD UHVHUYD SDUD HO FRQWURO
VHFXQGDULR(O FRQWURO WHUFLDULR WLHQH FRPRREMHWLYR UHVWLWXLU HVD
UHVHUYD PHGLDQWH OD YDULDFLyQ GH OD SRWHQFLD GH FRQVLJQD GH
JHQHUDGRUHVHQVHUYLFLRPHGLDQWHODFRQH[LyQGHJHQHUDGRUHVHQ
HVWDGRGHHVSHUDWtSLFDPHQWHDTXHOORVTXHDUUDQFDQUiSLGDPHQWH
FRPR ODV WXUELQDV GH JDV R PHGLDQWH OD PRGLILFDFLyQ GH ORV
SURJUDPDV GH LQWHUFDPELR FRQ RWUDV iUHDV (Q JHQHUDO OD
DFWXDFLyQGHOFRQWUROWHUFLDULRHVORVXILFLHQWHPHQWHOHQWR±
PLQXWRV FRPR SDUD SHUPLWLU TXH VHD XQ OD]R GH FRQWURO GH
DFWXDFLyQPDQXDO
(QHOVLVWHPDSHQLQVXODUHVSDxROODUHVHUYDPtQLPDQHFHVDULD
GH UHJXODFLyQ WHUFLDULD 32  5(( E D VXELU HQ FDGD
SHUtRGRGHSURJUDPDFLyQVHUiFRPRUHIHUHQFLDLJXDODODSpUGLGD
Pi[LPD GH SURGXFFLyQ SURYRFDGD GH IRUPD GLUHFWD SRU HO IDOOR
VLPSOHGHXQHOHPHQWRGHOVLVWHPDHOpFWULFRPD\RUDGDHQXQ
GHO YDORU GH OD GHPDQGD SUHYLVWD HQ FDGD SHUtRGR GH
SURJUDPDFLyQ 6H DVLJQD OD SUHVWDFLyQ GHO VHUYLFLR 32 
5(( E FRQ FULWHULRV GH PtQLPR FRVWH SDJDQGR D
SRVWHULRULVLIXHUDHOFDVRVRORSRUODHQHUJtDUHDOPHQWHXWLOL]DGD
SDUDFRQWUROWHUFLDULR
B. Control de Tiempo 
6HGHQRPLQDWLHPSRVtQFURQR76DOWLHPSRPHGLGRWRPDQGR
FRPRXQLGDGGHPHGLGDHOSHUtRGRUHDOGHODWHQVLyQGHODUHG(O
WLHPSR XQLYHUVDO FRRUGLQDGR R 87& Universal Time 
CoordinatedHVHOSULQFLSDOHVWiQGDUGHWLHPSRHQHOPXQGR6L
FRPR HV QRUPDO KD\ YDULDFLRQHV GH IUHFXHQFLD HO WLHPSR






26DVLJQDGRFDOFXOD ODGHVYLDFLyQGH WLHPSR (7 76±87&
FDGD GtD D ODV  DP \ RUGHQD DO UHVWR GH ORV 26 GHO iUHD
VtQFURQD (& ILMDU OD UHIHUHQFLD GH IUHFXHQFLD f0 VHxDO SDUD HO
FRQWUROVHFXQGDULRYpDVHOD)LJXUDGHVGHODVDODV
KRUDVGHOGtDVLJXLHQWHD+]VL(7!VRD+]VL
(7  ±  V $Vt VH PDQWLHQH HO HUURU GHQWUR GH ORV OtPLWHV
REMHWLYRV
C. Medidas en Situación de Emergencia 
/DSpUGLGDV~ELWDGHXQYROXPHQGHJHQHUDFLyQSRUHQFLPDGHO
YDORUGHILQLGRSDUDHOiUHD(&FRPRLQFLGHQWHGHUHIHUHQFLD
0:SURYRFDUiXQD FDtGDEUXVFDGH OD IUHFXHQFLDTXHQRSRGUi
VHU FRPSHQVDGD FRQ OD VXILFLHQWHPHQWH UDSLGH] SRU ORV
PHFDQLVPRVGHUHJXODFLyQSULPDULD\VHFXQGDULD(QHVWRVFDVRV
VH DSOLFD OR TXH VH FRQRFH FRPR PHFDQLVPR GH GHVFRQH[LyQ R
deslastre de cargas por subfrecuencia
(O GHVODVWUH VH HIHFW~DGHPDQHUD WRWDOPHQWH DXWRPiWLFD\ HV




 +] VLJXLHQGR XQD VHFXHQFLD GH GHVFRQH[LyQ HQ YDULRV





3DUD HQWHQGHU DGHFXDGDPHQWH HO PDUFR LQWHUQDFLRQDO \ ODV
SRVLELOLGDGHV GH LQYHVWLJDFLyQ \ GHVDUUROOR HQ HVWH FDPSR HV
LPSRUWDQWHWHQHUHQFXHQWDTXHGHELGRDTXHODOLEHUDOL]DFLyQGHO
VHFWRUKDHYROXFLRQDGRGHIRUPDGLVWLQWDHQGLIHUHQWHVSDUWHVGHO
PXQGR \ WDPELpQ GHELGR D ODV GLIHUHQFLDV HVWUXFWXUDOHV HQ ODV
UHGHV HOpFWULFDV ODV GHILQLFLRQHV \ QRUPDV YDUtDQ
FRQVLGHUDEOHPHQWH HQWUH SDtVHV 3DUD D\XGDU D UHGXFLU HVWD
FRQIXVLyQHQ OD UHIHUHQFLD 5HERXUVHWDO VHSUHVHQWDXQ
HVWXGLR FRPSDUDWLYR GH GLIHUHQWHV PDUFRV QRUPDWLYRV \ VH
HVWDEOHFHQ ODV HTXLYDOHQFLDV GH GHILQLFLRQHV HQ YDULRV SDtVHV \
UHJLRQHVGH(VWDGRV8QLGRV\(XURSD
'XUDQWH ODV ~OWLPDV GpFDGDV KD KDELGR XQD JUDQ FDQWLGDG GH
LQYHVWLJDFLyQ VREUH DOWHUQDWLYDV D OD IRUPXODFLyQ FOiVLFD GHO
FRQWUROSRWHQFLDIUHFXHQFLD,EUDKHHPHWDO6FKHUHUHWDO
 3RU RWUR ODGR OD DSDULFLyQ GH ORV QXHYRV FRQFHSWRV GH
microrredessmartgridsVLVWHPDVGHDOPDFHQDPLHQWRRYHKtFXOR
HOpFWULFR SODQWHD QXHYDV IRUPDV GH HQWHQGHU \ GH HMHFXWDU HO
FRQWURO \ DEUH WDPELpQ QXHYDV SRVLELOLGDGHV TXH QR HUDQ
DERUGDEOHVFRQ ODHVWUXFWXUDFOiVLFD8QDPXHVWUDGH WUDEDMRVHQ
HVWHVHQWLGRVHHQFXHQWUDQHQODVUHIHUHQFLDV0DVXWDHWDO
2WD HW DO  0ROLQD*DUFLD HW DO  6KDIILH HW DO
9DQGRRPHWDO
/DQHFHVDULDDFWXDOL]DFLyQGHOUHVSDOGRQRUPDWLYRVHFRQFUHWD
HQ OD HODERUDFLyQ SRU SDUWH GH (1762( GHO GHQRPLQDGR
Network Code on Load Frequency Control & Reserves NC 
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
LFCR (1762( H (1762( I /D WHUPLQRORJtD
XWLOL]DGDSRUHVWHFyGLJRSUHVHQWDDOJXQDVQRYHGDGHVSRUORTXH
SDUD D\XGDU HQ VX OHFWXUD HQ OD 7DEOD , VH LQGLFDQ ODV
HTXLYDOHQFLDVGH ORV WpUPLQRVPiV UHOHYDQWHV HQ LQJOpV+DVWD OD
IHFKD DFWXDO $EULO  QR VH KD FRPSOHWDGR HO SURFHVR OHJDO









Control Frequency Containment Process, FCP 
Secondary 
Control Frequency Restoration Process, FRP 
Tertiary 
Control Reserve Replacement Process, RRP 
Area Control 




/D JHQHUDFLyQ D SDUWLU GH IXHQWHV GH HQHUJtDV UHQRYDEOHV
GLVWULEXLGDV VLJXH XQD WHQGHQFLD FUHFLHQWH $ ILQDOHV GH  D
QLYHO PXQGLDO VH DOFDQ]DURQ  *: \  *: GH SRWHQFLD




)LJ  3RWHQFLD LQ\HFWDGD HQ OD UHG PHGLGD HQ XQD SODQWD IRWRYROWDLFD
ORFDOL]DGDHQ(VSDxDHQGRVGtDVGLIHUHQWHV
(O FRPSRUWDPLHQWR LQWHUPLWHQWH GH HVWDV LQVWDODFLRQHV
SURGXFWRUDV \ VX GLVSHUVLyQ JHRJUiILFD VRQ VXV UDVJRV
GLIHUHQFLDOHV UHVSHFWR GH ORV VLVWHPDV GH JHQHUDFLyQ
FRQYHQFLRQDOHV (Q OD )LJ  VH PXHVWUD D PRGR LOXVWUDWLYR OD
SRWHQFLD PHGLGD HQ XQD SODQWD IRWRYROWDLFD GH  0: SLFR HQ
(VSDxDHQGRVGtDVGLIHUHQWHV
6X FRQH[LyQ D OD UHG VH UHDOL]D D WUDYpV GH FRQYHUWLGRUHV
HOHFWUyQLFRV GH SRWHQFLD TXH SDUD DSURYHFKDU DO Pi[LPR OD
HQHUJtD SURGXFLGD OOHYDQ LQFRUSRUDGRV DOJRULWPRV SDUD HO
VHJXLPLHQWR GHO SXQWR GH Pi[LPD SRWHQFLD Maximum Power 
Point Tracking 0337 5RPHUR&DGDYDO HW DO 
LQ\HFWDQGR HQ OD UHG OD Pi[LPD SRWHQFLD DFWLYD SRVLEOH \ SRU
WDQWRVLQSURSRUFLRQDUVHUYLFLRVFRPSOHPHQWDULRV
(Q HVWH HVFHQDULR XQ VLVWHPD GH DOPDFHQDPLHQWR GH HQHUJtD
FRQHFWDGR HQ SDUDOHOR FRQ XQD SODQWD GH JHQHUDFLyQ UHQRYDEOH
)LJFRQHODGHFXDGRFRQWUROGHORVFRQYHUWLGRUHVGHSRWHQFLD
SXHGH WHQHUXQ IXQFLRQDPLHQWRFRQMXQWR VLPLODU DOREWHQLGR FRQ
XQJUXSRWXUELQDJHQHUDGRUFRQYHQFLRQDOORTXHKDFHSRVLEOHTXH
HVWDV SODQWDV SXHGDQ SURSRUFLRQDU VHUYLFLRV FRPSOHPHQWDULRV GH
UHJXODFLyQ 8QD IRUPD GH FRQVHJXLU HVH FRPSRUWDPLHQWR HV
FDOFXODUGLJLWDOPHQWHXQDVHxDOGHFRPSHQVDFLyQSDUDODFRQVLJQD
GHSRWHQFLDGH VDOLGD FRQ UHVSXHVWDSURSRUFLRQDO D OD IUHFXHQFLD
+LOOHWDO
$GHPiVHODOPDFHQDPLHQWRGHHQHUJtDSHUPLWHSDUWLFLSDUHQHO
GHVSOD]DPLHQWRGH ORVSLFRVGHFDUJD DEVRUELHQGRHQHUJtDGH OD
UHGHQODVKRUDVGHEDMDGHPDQGD\JHQHUDQGRHQODVKRUDVGHDOWD
GHPDQGDSHUPLWLHQGRODSURGXFFLyQGHHQHUJtDFRQVWDQWHGXUDQWH
FDGD SHUtRGR KRUDULR %HOWUDQ HW DO  (Q RWUDV SDODEUDV




)LJ (VTXHPD XQLILODU VLPSOLILFDGR GH XQ VLVWHPD GH DOPDFHQDPLHQWR GH
HQHUJtDHQSDUDOHORFRQXQDSODQWDGHJHQHUDFLyQIRWRYROWDLFDFRQHFWDGRVDOD
UHGHQXQQXGRFRP~Q
/DV SODQWDV GH JHQHUDFLyQ UHQRYDEOH FRPELQDGDV FRQ ORV
VLVWHPDVGHDOPDFHQDPLHQWRKDQVLGR\VRQREMHWRGHQXPHURVRV
HVWXGLRV GH LQYHVWLJDFLyQ FXDQGR IRUPDQ SDUWH GH ODV
GHQRPLQDGDV PLFURUHGHV ([LVWHQ QXPHURVDV HVWUDWHJLDV GH
RSHUDFLyQ \ JHVWLyQ HQ 3DOL]EDQ HW DO  VH SODQWHD XQ
FRQWURO MHUiUTXLFR HQ  QLYHOHV GH FHUR D WUHV EDVDGR HQ
,(&,62(OQLYHOFHURLQFOX\HORVOD]RVGHFRQWUROLQWHUQRV
GHOFRQYHUWLGRUSDUDODDGHFXDGDJHQHUDFLyQGHWHQVLyQ\FRUULHQWH
LQ\HFWDGD /RV YDORUHV GH UHIHUHQFLD SDUD ORV OD]RV LQWHUQRV VRQ
JHQHUDGRV SRU HO QLYHO XQR FRQWURO SULPDULR *XHUUHUR HW DO
 %LGUDP HW DO  FDUDFWHUL]iQGRVH SRU VX UiSLGD
GLQiPLFD\ODDXVHQFLDGHVLVWHPDVGHFRPXQLFDFLyQ(OQLYHOGRV
VXSHUYLVD\PRQLWRUL]DHOVLVWHPDSRUWDQWRVtVRQUHTXHULGRVHQ







UHVXPHQDGHPiV ORV UHTXHULPLHQWRVDFWXDOHV HQ ORV VHUYLFLRVGH
UHJXODFLyQ SULPDULD HQ ORV SDtVHV HXURSHRV GHVWDFiQGRVH ORV
FyGLJRV HVWiQGDUHV \ QRUPDWLYDV DSOLFDEOHV /RV FRQFHSWRV
SUHVHQWDGRV VH KDQ LOXVWUDGR FRQ VLPXODFLRQHV HQ XQ HVFHQDULR
UHDOLVWDHTXLSDUDEOHDODLQWHUFRQH[LyQHQWUHORVSDtVHVGH(VSDxD
\ )UDQFLD /D FRQWLQXDFLyQ GH HVWH WUDEDMR HVWDUi GHGLFDGD D
DQDOL]DUPHGLDQWHVLPXODFLyQ\GHPDQHUDH[SHULPHQWDODHVFDOD
OD LQIOXHQFLD GH OD SUHVHQFLD GH IXHQWHV GH HQHUJtD UHQRYDEOHV \
VLVWHPDVGHDOPDFHQDPLHQWRHQORVHVFHQDULRV\DHVWXGLDGRVSDUD
OD UHJXODFLyQ3I(QHVWD OtQHD VHKDH[SXHVWRXQDYDQFHGH ODV
WHQGHQFLDVHQFRQWUDGDVHQRWURVWUDEDMRVGHLQYHVWLJDFLyQ
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:LWK WKHDGYHQWRI OLEHUDOL]DWLRQ LQ WKH LQWHUFRQQHFWHGSRZHU
V\VWHP WKH RSHUDWLRQ EDVHG RQ PDUNHW PHFKDQLVPV DQG WKH
JUDGXDO LQFRUSRUDWLRQ RI UHQHZDEOH HQHUJ\ WKH JHQHUDWLRQ
WUDQVPLVVLRQ DQG GHPDQG UROHV DUH FKDQJLQJ ZKLOH WKH ORDG
IUHTXHQF\FRQWUROPHFKDQLVPVUHPDLQLQWKHLURULJLQDOIRUP7KLV
PDNHV SUHGLFWDEOH DULVLQJ WUDLQLQJ UHVHDUFK GHYHORSPHQW DQG
LQQRYDWLRQQHHGVWRPHHWQHZFKDOOHQJHV
,Q WKLV FRQWH[W WKLV SDSHU WULHV WR SURYLGH WKH QHFHVVDU\
LQIRUPDWLRQIRUHQJLQHHULQJSURIHVVLRQDOVUHODWHGWRWKLVILHOGWKDW
QHHGWRFRQVROLGDWHDQGXSGDWHWKHLUNQRZOHGJHDQGWRVHUYHDVD
EDVLV IRU LQLWLDWLQJ UHVHDUFK7RGR WKLV VLPXODWLRQRI D UHDOLVWLF
SRZHUV\VWHPDUHSUHVHQWHGDQGWKHOHJDOUHJXODWRU\DQGSUDFWLFDO





(OHFWULFDO V\VWHP VLPXODWLRQ KLHUDUFK\ FRQWURO IUHTXHQF\






(VWH WUDEDMR KD VLGR UHDOL]DGR EDMR HO SUR\HFWR WLWXODGR
³6LVWHPDGH DOPDFHQDPLHQWR KtEULGRSDUD KDFHUJHVWLRQDEOHV ODV
LQVWDODFLRQHVGHJHQHUDFLyQIRWRYROWDLFD´FRQUHIHUHQFLD,%
\ ILQDQFLDGRSRUHO*RELHUQRGH([WUHPDGXUD (VSDxDD WUDYpV
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